INTRODUCTION
The highest field reached on a dipole magnet wound from NbTi cables is 10.53 T at 1.77 K, well above the present (1999) specification of 8.33 T for the dipole magnets of the Large Hadron CoJlider. 1 In 1995, a short dipole magnet model, wound from Nb:3Sn cables, and referred to as MSUT, achieved 11 T on its first quench at 4.4 K.2 In 1997, another short dipole magnet model, also wound from Nb:3Sn cables, and referred to as D20, reached, after some training, a record field of 13.5 T at 1.8 K.3 These encouraging results show that the Nb:3Sn technology may open viably the lO-to-I5-T range to accelerator magnets.
Nb3Sn is an intermetailic compound belonging to the A15 crystallographic family whose critical temperature and upper critical field far exceed those of NbTi.4 However, like all members of the A15 family, the Nb:3Sn compound is very brittle and its superconducting properties are strain dependentS This implies that, once the Nb]Sn compound is reacted, everything must be done to minimize its deformation.
In practice, several processes have been developed to produce round wires of small diameters containing precursors to the formation of a Nb:3Sn multi filamentary composite. The Nb:3Sn filaments are reacted by subjecting the wire at final size to a heat treatment at a temperature between 650 and 700 °C for 2 to 10 days in vacuum or with circulation of inert gas. For accelerator magnet coils, which are wound from Rutherford-type cables and which require small winding radii,6 the heat treatment is usually applied on the whole coil after winding completion. This technique is referred to as "wind and react".
The "wind and react" technique minimizes the deformation applied to the reacted Nb:3Sn filaments but complicates the realization of the tum-ta-tum electric insulation. Such insulation is required to prevent the occurrence of tum-to-tum shorts during a quench. The insulation system is usually made up of a mineral fiber support (also referred to as reinforcement) positioned around the conductor to ensure a proper spacing between coil turns. It is completed by a vacuum impregnation with epoxy resin, conferring a rigid shape to the coil assembly and enhancing dielectric strength.
In the case of accelerator magnet coils, the reinforcement is positioned around the conductor prior to coil winding and the vacuum impregnation is realized on the whole coil after heat treatment. It follows that the mineral fibers of the support must be able to sustain the heat treatment without significant degradation. Also, all organic materials, such as sizing or finish, must be removed from the fibers to prevent the formation of carbon compounds that lower the dielectric strength. The sizing removal is performed by carbonization in air prior to conductor insulation. This de-sizing adds to the difficulty of manufacturing Nb:3Sn coils for the fibers then become fragile and are easy to tear off by friction. 7 The ideal support for Nb:3Sn coil insulation would be a fiber tape wrapped helically around the conductor with a 50% overlap. In order to maximize the overall current density in the magnet coil, the tape thickness should be as small as possible, typically, of the order of 50 to 60 !-lm, resulting in an overall tum-ta-tum insulation thickness of less than 250 !-lm.
The cheapest and most readily available mineral fibers are E-glass fibers. However, Eglass has a recrystallization temperature of the order of 660 °C,8 and can be expected to degrade significantly during heat treatment. S2-glass has a recrystallization temperature of the order of 780°C,8 but is produced in much smaller quantities and cannot be found in fiber tape form of the desired thickness. To circumvent this difficulty, the conductor of magnet model D20 was insulated with a S2-glass sleeve pulled along its entire length,3 while the conductor of magnet model MSUT relied on a butt-wrap of S2-glass fiber tape completed, on one sidc of thc conductor, by a mica-glass foil designed to ensure the continuity of the electrical insulation. 2 Neither of these systems can be easily industrialized.
Another option is the use of quartz fibers. Quartz fibers have a good behavior at high temperatures (they stay in the vitreous state for temperatures up to 1050 0c) and can be found in small enough diameters to allow the weaving of thin tapes.9 Nevertheless, before using quartz fiber tapes in a magnet, it is required to check their mechanical strength and to compare their behavior with that of other supports.
In this paper we present the results of tensile strength and dielectric strength measurements carried out on samples representative of various insulation systems for Nb:3Sn accelerator magnet coils. The measurements were carried out at room temperature and in helium environment down to 4.2 K and we compare the performances of the various supports before and after heat treatment.
SAMPLES PREPARATION
Three types of reinforcements have been investigated: (1) E-and S2-glass fiber tapes wrapped with a 50% overlap (1 layer, 2 thicknesses), (2) E-and S2-glass fiber tapes buttwrapped (1 layer, 1 thickness) with one mica-glass foil for every two layers (as for the insulation used in model magnet MSUT) and (3) two types of quartz fiber tapes wrapped with a 50% overlap (1 layer, 2 thicknesses). Selected parameters of the various tapes and of the mica-glass foils used in this study are summarized in Table 1. 
